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Elevations of left ventricular diastolic pressure have long 
been recognized to occur during spontaneous or provoked 
angina pectoris (l-6). Hemodynamic measurements during 
myocardial ischemia have demonstrated that these eleva- 
tions are due to abnormalities in diastolic as well as systolic 
ventricular function. Diastolic function is dependent on a 
complex of multiple forces acting on the heart. Some of 
these forces are active and energy requiring (the excitation- 
contraction-relaxation cycle), some are based on potential or 
stored energy (recoil/atria1 pressure), some are determined 
by the muscle or chamber stiffness (viscoelastic properties) 
and some are extrinsic to the left ventricle (right ventricular 
load, pericardium, myocardial blood flow) (7). Differenti- 
ating among these various determinants has been difficult, 
and many measurements have been used in attempts to 
define diastolic function. These include diastolic pressure. 
volume, filling, flow and time intervals. 
Global versus regional changes in diastolic function. 
Global diastolic function is most easily conceptualized by 
analysis of the diastolic pressure-volume curve, whereas the 
slope of tangents to this curve represents chamber stiffness. 
An upward shift of the entire pressure-volume curve from 
baseline represents a decrease in left ventricular compliance. 
An increase in diastolic volume without a change in chamber 
distensibility, as may occur in pure systolic failure, would be 
represented by a shift of filling points to the right and upward 
along the normal pressure-volume curve. In most studies 
that examine ischemia-induced left ventricular dysfunction, 
the diastolic pressure-volume curve moves both upward 
above the normal curve and to the right (1.2,4.6,8). In 
addition to pressure-volume relations, the pressure-length 
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relation has been used to analyze diastolic function of 
regional segments in ischemic heart disease. 
Four years ago in this Journal, Sasayama et al. (4) 
described regional changes in diastolic function using radial 
analysis of left ventriculograms in patients with coronary 
artery disease during pacing-induced ischemia. After pacing, 
the ischemic region became less compliant (the diastolic 
pressure-length curve shifted upward). After pacing, the 
nonischemic region operated on a higher portion of the 
baseline pressure-length curve as a compensatory mecha- 
nism. The operation of the normal segments of the left 
ventricle on a higher portion of the Frank-Starling curve 
helped maintain an adequate cardiac output. The global 
pressure-volume curve moved either upward or upward and 
to the right. representing an interaction of the regional 
changes in the ischemic and nonischemic segments. 
Present study. In this issue of the Journal, Nonogi et al. 
(9) report on their analysis of changes in both regional and 
global diastolic function during exercise in patients with 
coronary artery disease and exercise-induced wall motion 
abnormalities. Although the global left ventricular diastolic 
pressure-volume curves predictably moved upward and to 
the right as in previous studies, the observed changes in 
regional diastolic function during exercise-induced ischemia 
were more complex. The pressure-length curves in both the 
ischemic and nonischemic segments shifted upward in early 
diastole. with a greater shift in the nonischemic segment. In 
mid to late diastole. both the ischemic and nonischemic 
segments moved to a higher portion of the rest pressure- 
length curve without an upward shift. In the earlier clinical 
study (4) with pacing-induced ischemia, interpretation of the 
results could be made with a compartmental model of 
diastolic function, wherein the ischemic area became less 
compliant because of the metabolic changes of ischemia; the 
normal segments compensated and the global diastolic func- 
tion represented the interaction of the regional segments. 
The observed changes in regional and global diastole in the 
current study (9) cannot be explained by such a simple model 
and raise new questions. 
The exercise-induced upward shift in early diastole in the 
nonischemic region of hearts with coronary artery disease 
was not seen with exercise in normal subjects. Nonogi et al. 
(9) postulate that this upward shift in the nonischemic region 
is due to viscous (passive) forces secondary to the high 
driving force at the beginning of diastole (mitral valve 
opening). This argument is supported by the increased peak 
lengthening rate. which is at least partially dependent on the 
driving force between the left atrium and the left ventricle. 
Change? in viscous forces, however, can be measured only 
by analysis of the stress-strain relation. which was not done 
in this study. Furthermore. without direct measurement of 
1072 GREENBERG AND MENEGUS JACC Vol. 13. No. 5 
EDITORIAL COMMENT April 1989:1071-2 
left atria1 pressure, the driving force can only be estimated 
(10). An alternative explanation for the early upward shift in 
the region categorized as nonischemic might be that subtle 
ischemia actually existed because all the patients in this 
study had at least two-vessel coronary artery disease. Be- 
cause ischemia-induced changes in diastolic function may 
precede changes in systolic function, the lack of exercise- 
induced regional systolic wall abnormalities in the “non- 
ischemic” area cannot exclude ischemia in that distribution. 
Early versus late changes in diastole. Another observation 
that requires explanation is the change occurring in late 
diastole. The mid and late diastolic portions of the pressure- 
length curve in ischemia move to a steeper portion of the rest 
pressure-length curve during exercise without upward shift. 
During exercise, this ischemic segment apparently becomes 
less distensible in early diastole but maintains its normal 
distensibility in mid to late diastole. This observation is in 
contradistinction to the findings of Sasayama et al. (4) and 
Paulus et al. (11) with pacing-induced ischemia. Relaxation 
during early diastole represents a “decay of activation,” an 
energy (adenosine triphosphate) dependent process, whose 
rate depends largely on the rate of calcium ion release from 
troponin C and uptake by the sarcoplasmic reticulum. Dis- 
tensibility in late diastole is dependent on the intrinsic 
muscle and chamber characteristics and external forces as 
previously noted. Because the study patients did not have 
significant myocardial infarction with scar, the distensibility 
of the “ischemic” region may be normal in late diastole even 
though the pressure-length curve shifts upward in early 
diastole in response to the previously described ischemia- 
induced alterations in intracellular calcium movements. This 
observation of a time-dependent shift in the pressure-length 
relation is provocative in light of the complex interaction of 
forces affecting diastolic function. Why the global pressure- 
volume curve moved upward throughout all of diastole, 
dissimilar to findings in both the ischemic and the nonisch- 
emit regions, however, is not explained. Presumably, 
changes in diastolic function may be occurring in other 
ventricular regions that were not analyzed. 
Implications. The clinical implications of these observa- 
tions are not clear. However, because the major abnormality 
appears to occur early in diastole, tachycardia, in addition to 
its energy cost, would be harmful because it would impinge 
on the portion of diastole when filling mechanics normalize. 
If the early diastolic abnormalities relate to slow calcium 
removal from the myofibrils and excessive calcium in the 
cytosol, calcium channel blocking agents might be of thera- 
peutic value. It would be of interest to test this hypothesis in 
future investigations. 
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